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ABSTRACT
In the study of stresses and stress distribution in a field 
away from a boundary, it is commonly required to find the isopachics 
or sum of principal stresses. Under normal conditions, this can be 
done theoretically, but when a specimen is considered that has 
multitudinous free boundaries, the problem becomes difficult. This 
is especially so when perforated plates, such as are used on boiler 
headers, are studied.
This paper describes various methods used for finding isopachics, 
over a field, for plates perforated on a triangular pitchf this is quite 
distinct from point by point analyses. The two techniques investigated 
include interferometric and analogy methods.
available for obtaining the sum of principal stresses, or isopachics.
A point to "be noted is that isopachics can also be obtained by graphical 
methods without experiment.
A further object in this work is to investigate means of 
obtaining a complete isopachic pattern^ that is, a pattern showing 
lines of constant sum of principal stress by experiment.
3.
Interferometric Methods
Up to the elastic point, the sum of principal stresses is 
proportional to the percentage change in thickness of a specimen^ 
hence measurement of lateral strain will yield the sum of principal 
stresses.
This direct measurement of lateral strains may "be accomplished 
on a point by point basis using lateral extensometers. Of these, there 
are numerous types available, both mechanical, electrical and 
interferometric, the most sensitive and accurate being interferometric 
lateral extensometers.
As stated, this is a slow point by point operation and is not 
necessarily accurate when an entire field is to be studied. A more 
direct way of measuring the change in thickness, over an entire field, 
is to place the specimen parallel to an optical flat, strain the 
specimen and observe the contours of varying thickness. This has been 
done interferometrically by Sinclair and Bucky^^ using photoelastic 
materials.
The primary object in this study is to investigate changes of 
thickness in opaque or metallic specimens. To date, Frocht^^ is one 
of the very few to use metallic specimens (stainless steel) for finding 
isopachic patterns. Frocht used very small specimens (■£" outside 
diameter ivith only a single hole in it) and had trouble obtaining 
symmetrical patterns.
The problem requires the specimens to be optically flat (or 
nearly so) prior to testing. As the specimen is strained, its surface 
will be distorted, hence the gap between an optical flat and the
adjacent face of the specimen will be altered^ this alteration in 
thickness will be evidenced "by changes in observed interference fringes. 
The fundamentals of such instruments using interference fringes are 
described.
The intensity of illumination I, of a light wave of amplitude a 
is I = 2a2
When two coplanar motions of amplitude a and b , with angular phase 
difference a  , join, the resulting intensity is 
I = 2(a2 + 2ab cos a + b 2 ) 
then a. = 2mTr , m being any integer, then cos Ct « 1 
hance I = 2 (a + b )2
and when a = (2m + 1 ) tt , then cos a = - 1
2
hence I = 2 (a - b)
It is obvious then that when a = b and CL = (2m +1 )TT , then the 
intensity is cancelled. Hence beams emanating from the same source 
will either cancel or reinforce themselves depending upon the phase 
difference a  .
This phase difference is achieved in interferometers in the 
following manner -
A monochromatic light source is passed through an optical flat, some 
light is reflected from the lower face, and some passes through an air 
gap between the flat and the specimen and is reflected back up through 
the optical flatj hence a path difference is obtained. If the path 
difference is 2h (h being the distance apart) and noting that there will 
be a retardation of a |  wave length upon reflection from a dense to 
rarer medium, then for interference g 
2h + = (2m + 1 )
4.
m being any integer, and ^ the wave length of the light used.
From this, it oan be seen that h = -jj-m .
This equation shows that interference fringes will occur for 
variations of h equal to 0, -J-, 1 , 1-|- etc. wave lengths.
Summarising, the method used is as follows?- 
An optical flat is arranged, either in contact or in close proximity 
(up to I4-") to a flat polished reflective surface. When a load (in this 
case, tensile) is applied to the model, it distorts § hence the air gap 
either increases or decreases. Each half wave length of motion will be 
evidenced by the appearance of a dark band - i.e. an interference fringe. 
The resulting lines will be lines of constant distance between the 
optical flat and the specimen.
(5)A recent article by Duncan' ' on a Pizeau type interferometer, 
fully describes the instrument used in this study.
There are two primary methods of studying the problem, these 
being the scale at which models are tested. The isopachic pattern may 
be studied on either a macroscopic or microscopic scale. To this end, 
both a large scale model (with 1 " holes) and a small scale model (with
0.045” holes) were observed in tension with interference apparatus.
Large Scale
A large Pizeau type interferometer' ' developed at Sheffield 
University, was used for this investigation. Primarily, it was desired 
to study metallic specimens with rather large holes. Brass specimens,
-g-" thick by 3" wide, were used with two 1 " diameter holes drilled 
laterally at their mid-points. A straining jig, Plates I and II, was 
designed and made to give a deflection of one light band (on either 
side) of these specimens in the undrilled portions § this load should
5.
6,
then produce at least ten light hands in the drilled areas due to 
increase of stress with area reduction and also to stress concentration.
The interferometer used had a heavy cast aluminium upper 
face that supports the optical flat in a horizontal position^ this 
casting was sufficiently substantial as to support the straining jig.
The specimen would ultimately have numerous perforations, 
but in the preliminary investigation only two holes were made, these 
being 1 " diameter^ this left -5" of metal on each side of the holes.
From B = it can be shown that the load per
unit width of the specimen,
load /u n it w idth, = .̂ .T.
n
where E = modulus of elasticity
g = gauge length
- 0.
A = area of specimen 
6 = longitudinal change in length 
6rp = transverse reduction in unit width 
(Li = Poisson's ratio 
Notes This is independent of thickness of specimen.
One interference band is required on each side? therefore, the 
total reduction is two bands. Since each band is equivalent to a •§■ wave 
length, the transverse reduction required is one full wave length of 
light used.
—fs
Wave length of mercury light used = 21.4 x 10 inches.
For steel (being strongest material to be tested)
E = 30 x 106 lbs/in. 2 
[i = 0.3
W = ,3.0 .x 106 x 2 1.4  = 2140 lbs.
0.3 x 10°
for a 3" wide specimen
Load = 3 x 2140 = 6,420 lbs.
To allow for more bands to be visible, the maximum capacity 
of the jig was increased to 4 tons.
The simple but very substantial rig shown capable of this 4 ton 
load was constructed to straddle the interferometer§ the design also 
facilitated easy support on the upper face of the interferometer, and 
also easy removal of the specimen.
To obtain the load required, one end of the specimen was 
"fixed", and the other attached to a square threaded screw. The 
actuating screw was housed against a large thrust race and supported 
radially by a large diameter ball race. The necessary torque to turn 
this nut was obtained by a double 6 s 1 reduction through spur gears - 
Plate I.
The "fixed" end, although looking complicated, contains only 
a load measuring device and self-aligning equipment. The aligning 
device, Plate II, consists of a spherical thrust seat mounted on a plate 
which can be moved a half inch in any direction at right angles to the 
centre line of the direction of applied load.
The load measuring device consists of a calibrated double beam, 
supported at its extremities on rollers, and loaded at its centre. 
Deflections are measured on both sides, the average being used as central 
deflections* this obviates any errors due to out of balance tensile forces.
The force on the end of the handle operating the first reduction 
was of the order of 10 pounds 5 this small force does not influence the 
equilibrium or tend to topple the straining jig. A further important 
point is that loads may be applied gradually due to the relatively large
motion of the "fixed" end, resulting in a few turns of the handle being 
required to increase the load a small amount.
In order to stop the screw from being turned during operation, 
a long cross member was rigidly attached to it, and supported at its 
extremities by two screws at either end.
Although the total weight of the jig was approximately 180 
pounds, it did not affect the equilibrium of the interferometer, nor 
alter any adjustments on it.
It is to be noted that the specimens used were sufficiently 
long (9") to negate any end effects (Saint Venant's Principle).
The final objective of this study was, using the Fizeau 
interferometer specially set up for double sided viewing, to observe 
the movements on both sides of the specimen (to negate any effects due 
to bending)| as a preliminary, however, only one side was viewed.
From photographs taken, Plate III, it can be seen that 
considerable bending is present § this is evidenced by the large number 
of bands in the undrilled areas. Loads used to produce these were of 
the order of two tons. To eliminate this excessive bending, various 
adjusting screws were added, also other minor alterations tending to 
eliminate undesirable vibrations.
With the addition of these minor screws etc., it was found 
much easier, together with added experimental technique gained, to obtain 
strained specimens (tensile) with little or no bending present. The 
final result is shown in Plate IV. It will be noted that, with more time 
and patience, an almost perfect picture would be obtained. It should 
be further noted that, for accuracy, a series of such photographs would 
be taken at varying loads to find alterations in thickness. To obviate
tending, the specimen should, as stated previously, he viewed from "both 
sides.
■v
Considerable trouble was encountered with producing almost 
optically flat surfaces over the large viewing area of the specimens 
(4" x 3")• It was found best to lap the faces with the holes already 
drilled, the holes being loosely plugged with the same material.
After machine lapping, specimens were hand polished to a dull lustre.
At this stage, photoelastic materials and also opaque, low 
modulus materials were examined. Appendix I describes a brief 
investigation into the optimum material to be used in the existing 
straining jig.
Generally, it was found that perspex is very difficult to 
obtain in a very flat condition. Due to its manufacturing process, it 
is not of constant thickness nor is its surface approaching optical 
flatness. Attempts at lapping and also of producing a good finish of 
high reflectivity on soft materials are noted in Appendix II. A very 
high quality die and ram are being made to produce discs of perspex 
with a good quality finish and optical flatness on the faces. If this 
is successful, a larger model will be made§ this work is being carried 
out at Sheffield University after discussions with I.C.I. Limited, the 
manufacturers of perspex.
The ultimate aim of this work is, on the same apparatus, to 
observe both the isopachics and the isochromatics on the one specimen.
It can be concluded from this study that with extremely 
careful surface preparation and a more accurately aligned straining rig, 
it will be quite feasible to produce isopachic patterns on the existing 
Fizeau type interferometer. One important point to be noted is that in
the present work an optical flat of 2" thickness, 12" diameter was used§ 
this inherently cut down the amount of light passing, resulting in the 
poor photographs shown. A method to obviate this, tried in this study, 
is to make a support ring and use a small optical flat (in thickness and 
diameter ). This smaller flat can then be brought into close proximity 
to the surface being observed^ this obviates the large air gap (approx.
5/8") used in the present study (this 5/8" being the clearance necessary 
for the specimen end attachments).
Small Scale
A study of isopachics was made on a very small scale. A test 
specimen made from brass f-" x x 3f-!l with 0,045" holes on a 0.090" 
triangular pitch wa3 prepared and examined under an interference microscope 
of field approximately 0.065" diameter. A suitable straining frame was 
made that could impart an axial load of approximately 1000 lbs. to the 
specimen. As shown on Plate V, the test section covers an area 
approximately f-" square. Weakened sections were made to reduce possible 
bending in the test area. The test specimen was lapped and polished, 
drilled, and then lapped lightly to remove any burr around the holes. 
However, when examined under the microscope, the roughness of the surface 
prevented a good viewing.
The holes in the test piece were then filled with a plastic 
and the test face lapped with diamond bort in suspension^ this produced 





The essential features of two dissimilar problems can often 
be presented in almost identical mathematical form. On this basis, 
experiments on a model which has the same basic mathematical relationship
prototype. This analogous work is usually resorted to when tests on a 
prototype, to yield a required result, are too difficult, and sometimes
analogies, these including membranes made of soap, rubber, and also 
meniscus surfaces. The mathematical similarity between membranes and 
isopachics is that both follow the Laplace equation
If the slope of a stretched membrane is found, then from this can be 
found the position and magnitude of isopachics.
pressure and zero pressure soap films § the type employed herein is the 
zero pressure. Generally, the method used was to build a boundary of 
varying height, this height simulating some given boundary conditions, 
stretch a soap film across this, measure the resulting slopes of the 
film, and hence determine, mathematically, the isopachics.
Previous work has mainly been confined to single holes of 
varying shapes, and it is the object of this investigation to study the
as a prototype, will yield results sufficiently accurate to analyse the
impossible, to do« Again, the most common use of such analogies is 
to visualise an apparently awkward problem.
Soap Film Analogy
Soap film analogies fall under the general heading of membrane
Two types of soap film studies are in common use, namely,
feasibility of measuring slope contours in the area between perforations 
in a multiply-connected plate.
A model, shown on plate VI, was made with a wooden base and 
copper wire bent to the symmetrical sha£e shown. In the study, no 
attempt was made at simulating actual boundary conditions. In an 
accurate investigation the boundary heights would be found from photo­
elastic studies (i.e. the sum equals the difference of principal stresses 
at a free boundary). This type of model is most advantageous for 
visualisation of the problem, but is far too inaccurate for rigorous 
treatment.
A more accurate feasibility study was made with a model having 
much smaller membrane slope. The model, shown in plate VII, had a heavy 
steel base, perspex boundaries, and brass boundary adjusting screws.
Again, no attempt was made at setting the boundary hei^htn to suit a 
particular case. Considerable care was, however, taken to ensure that 
the model itself was accurate.
As the general field of investigation was on perforated plates 
of a triangular pitch, the model was made on a triangular pitch, hole 
size being 1-J" and pitch if-". The adjusting screws were so positioned 
as to give a deflection of 0,010" between points on the boundary at 
right angles to each other, the lowest or highest points on the boundaries 
being in line with the simulated direction of applied load.
Many standard soap solutions were used and it was found that a 
Cushman solution ' gave best results. Although it is generally stated 
that this solution should last up to 24 hours, in this case, due to the 
complicated and large areas employed, it was indeed fortunate to obtain 
a film lasting more than 10 minutes.
12.
In order to obtain an overall picture of the ensuing membrane
(9)
slopes, an i n s t r u m e n t u s i n g  the Salet-Ikeda method was employed.
This instrument is briefly described together with the necessary 
mathematical background in Appendix III. It was because of the inherent 
limitations of this instrument that the maximum deflection of the model 
boundaries was kept down to 0 .010".
Plates VIII and IX show the resulting photographs from the 
Salet Ikeda instrument, VIII being with a course target and IX with a 
fine target5 the area shown is that between three holes.
For photographing the resulting slope pattern, a 35 mm. camera 
with telephoto lens was used? film used was Ilford H,P.3 at f 5*6 and
3 minutes. The poor reproduction on the plates resulted from the 
negative being only ■gJI diameter.
Removal of the target from the Salet Ikeda instrument usually 
destroyed the filmj this was due to the heat from the light source 
drying up the soap film.
In the experiment the base was painted black to reduce 
reflections; this was a waste of time, as once the soap mixture drips 
on the base it becomes highly reflective. A further point to be 
noted is that the soap mixture oftens dissolves the painty the paint 
then becomes suspended in the soap mixture and finally appears in the 
film. These impurities lead to distortion of the film and usually 
cause it to have a very short life.
As well as cleanliness, draughts are to be avoided^ also the 
room temperature should not be too high as the soap film "ould dry out 
too rapidly.
13.
The soap film should "be made as thick as possible. This is 
due to the fact that if a bubble is made too thin* a black spot will 
appear, the film being too thin for reflection of light. This fact 
leads one to the erroneous conclusion tha'fe- there is a hole in the bubble 
on occasion.
The boundaries should be watched carefully, especially for 
excess liquid or bubbles collecting around them^ these factors give 
false slopes at the boundaries. One method of negating this effect is 
to view the film whilst it is in a vertical plane. This would also 
tend to minimise inherent errors due to the weight of the soap film. 
Unfortunately, this was not possible with the 4" field Salet Ikeda 
instrument used.
The final boundary surrounding all the holes should be made 
of reasonably thick string and sharp intersections should be avoided 
aa these points are usually the points at which the film breaks first.
Finally, the maximum slopes should be kept small as this 
minimises the error in the approximate equations used for the slope of 
a membrane.
The error to be expected in the method, assuming boundaries 
are set up accurately, should not exceed 10$.
Conclusions on Soap Film Analogies
The time involved in accurately setting up a multiple array 
of discs, each with similar pre-determined special boundaries, together 
with the elimination of bubbles, inclusions, overlapping at boundaries 
etc., would rule out the soap film analogy as an accurate method of 
finding the sum of principal stresses in an area bounded by perforations.
14.
A thin rubber membrane, using the zero pressure technique, 
vnould. be more advantageous for the investigations required. Much 
larger allowable tensions would be used (to eliminate effect of weight), 
hence the boundary walls would be of larger relative heights. This would 
imply also that the boundaries could be set up more accurately. This 
method may be more difficult to set up as it would require restraint on 
the boundaries. The surface could then be probed at leisure with a 
standard type of micrometer.
Alternatively, a meniscus surface analogy might be tried, 
although it is felt that experimental technique here Would be too tedious 
and fraught with difficulty in stopping mixing of the two fluids used, 
especially as multiple boundaries are present.
Conducting Paper
The electrical analogy can also be used for the study of 
isopachics, since the Laplace equation again applies both to
(a) the sum of the principal stresses, and
(b) the flow of current in a slab of uniformly conducting material.
The existence of such analogies dates back to Rayleigh,
Goodier etc. Very little, however, has been done experimentally applied 
to the extension of plates, the emphasis to date being on the mathematical 
analogy.
Flow of electricity in a conducting paper may be observed in 
two ways - (a) wet method 
(b) dry method.
The wet method, whereby a slate bed is set up horizontally (generally) 
and water used as the electrolyte, appears to be outdated, although it 
is used where extreme accuracy (-g$ - 2$) is required under special
15-
circumstances.
The dry method, using a sheet of paper, surface coated with 
conducting material, has many advantages, the main one being cost and 
speed. It is possible to set up asd do a simple experiment in a week 
for as little as £10 with the availability of a C.R.0. or microammeter.
In this method, used herein, a conducting paper, known as Teledeltos 
paper and used by Western Union for message transmission, was employed. 
This paper is available in a few grades with resistances varying from 
1000 to 5000 ohms per square inch. In place of electrodes (wet method) 
a conducting paint is used, and to distribute the points of application 
of potential, resistance paint is used.
As commonly employed, the method is as followss- 
Taking a large sheet of paper, 36" x 24" (available in rolls x 24"), mark 
out on the plain side (so that pencil lead will not be deposited) the 
triangular pitch and holes (approximately 3" diameter). Holes can then 
be removed, but leaving about -g4' of paper on the inside perimeter of 
the hole.
Prom details of the isochromatic pattern, similar boundary 
points may be found on the paperp these positions will then be the 
point of application of potential. This procedure is not necessary, 
but using these particular boundary positions simplifies the solution 
somewhat and is more straight forward. For extreme accuracy, it may be 
required to place various potentials as close as "g41 apart around the 
hole periphery where there is a large number of isochromatics (stress 
concentration). These various voltages may be obtained in mary ways, 
easiest of which is to tap a long wire placed across the terminals of a 
12 volt battery.
16.
The method of application of electrodes is to paint around 
the area with resistance paint and then attach the electrode with 
conducting paint.
A series of holes with various potentials disposed around 
their perimeter is then obtained, these potentials being analogous to 
the sum of principal stresses. To simulate an applied tensile load, 
current is then passed through the matrix in the direction of load, and 
the resulting voltage pattern plotted by a probe and null electrical 
device. The through current is applied by weaving clean copper wire 
through the paper and then painting over it with conducting paint § this 
procedure ensures that the potential is constant across that section.
The resulting pattern will be isopachics, and if the lines 
emanate from the predetermined isochromatic boundaries, the two may then 
be solved to find the actual stresses,
Stokey and H u g h e s h a v e  done this for a single hole in a 
tensioned strip and results obtained agree with those obtained by 
relaxation.
The prime disadvantage with this particular problem would be 
the multitudinous contacts required which almost prohibits the 
investigation. (Since it is a triangular pitch, there is no line of 
symmetry between holes § therefore a matrix of holes is required, say 12. 
Around each, approximately 40 tappings would be needed, totalling almost 
500).
An alternative solution, as yet in its embryo state, is to 
obtain the required boundary conditions in a novel manner. It is 
apparent that these required conditions could be obtained by applying 
electrodes at the four points of ends of vertical and horizontal
17.
diameters of each hole and allow electricity to flow through a crescent 
shaped segment left inside the hole. By judicious shaping of this 
segment, it should he possible to obtain almost any voltage variation 
across any two adjacent electrodes to suit the required boundary 
conditions. Once found, this shape would then be duplicated for each 
hole. The only work entailed would be, instead of cutting out circles, 
to cut out ellipses, or similar, and place electrodes at or near the 
extremes.
Summing up, the advantages of this system are - reasonable 
accuracy (5$ - 10$), clean, quick, good current stability, no heating 
of paper, cheap. It is to be noted, however, that occasionally some 
pieces of conducting paper exhibit odd properties and these pieces should 
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Appendix I
It has been shown that the load/unit width = ^_^T ^
This shows that a low modulus, high Poisson's ratio material is most
advantageous for use in interferomctry (that is, displaying most bands
for the capacity of the jig used).
This previous statement, however, although true in one sense,
is technically incorrect5 this is due to the fact that the stress
induced in the material could far exceed the yield stress, or otherwise
safe allowable stress, of the material under consideration.
Assuming that the specimens are 3" wide, and that the jig is
to be used to its maximum capacity, 4 tons,
applied load = 3000 lbs/in. width of undrilled specimen,
i.e. load/unit width = E x  2N x 10.7 x 10 ^
M-
also = 3000 lbs.
where N = number of interference bands displaced during application of 
load.
A further requirement is that 3000 allowable safe stress 
fa x the average net width per inch Wn xthickness t (inches).
i .e .  1Q~  ̂ = 3000 < fa t  Wn
M*
E 2N 10.7 10~6 _ 3000 < f W 
l i t  t  S n
Summarising
Maximum number of bands produced = ---- 3000----  ^
E 2 10.7 10“fo E
21,
and thickness of specimen )> 3.9.QP,
faWn
i.e., a low modulus, high Poisson's ratio material is desirable and the
thickness of such specimen is to be sufficiently large that fa is not 
exceeded.
Examples
For steel E = 30 x 10^ lb/in. 2 
= 0.3 
fa = 30,000 lb/in. 2
. „ 1500 x 0.3 x 106 450
• •  1* =  ----------------7-------------------------  =  rr*rr
30 x 10° x 10 .7 3^1 
i.e. approximately 1-g- bands would be displaced in the undrilled section 
by the application of a 4 ton load to a 3" wide specimen. Find the 
minimum thickness - Take the case where 2/ 1" holes are drilled, leaving 
a net section width of 1"
Wn = -j
.*. thickness = -.-3.a_9.9P.. 1  _ 0.3 inches 
30,000 x j.
A further point to be noted is that stress concentrations will 
occur (up to 3 times average stress), and with some materials this would 
cause permanent distortion. For steel, using fa = 30,000, a specimen 
f" thick would be quite safe with 4 tons on it.
From the above, it can be seen that brass, with a lower modulus 
and higher Poisson's ratio,would be a better specimen than steel| the 
brass used would be a good quality having an allowable stress near that 
of steel and thickness would be A point to be noted about brass is
that the high finish required dulls very rapidly.
On the other hand, consider low modulus materials such as 
perspex and araldite -
22.
E = 500,000 lb/in. 2 
ji = O .45 
fa = 9,000
,T 1500 x 0.4S
w = ~ Z -------------- - = approx. 130 bands
5 x 103 z 10.7 x 10“5
23.
Find thickness
T - 3000 „ !
9000 x 1.
i.e., for maximum effect 130 bands will be produced, but specimen will 
be 1" in thickness § this thickness is too great for "plane stress" work. 
Added to this, for use in the present straining frame, new and larger 
end attachments would have to be made. To investigate the holding of 
araldite and perspex, tensile test specimens were made and pulled to 
destruction in a Hounsfield tensometer. It was found that the tensile 
strength varied, in the test section, from 6000 to 8000 p.s.i,
A very important point, however, that was noted is that the area of the 
specimen where it is gripped will not withstand these high stresses.
It was found that local bending and high stress concentrations reduced 
the maximum allowable stress to approximately 4000 p.s.i. With specially 
designed specimens and end attachments, undoubtedly this stress could be 
increased*
Further points against the use of plastic type materials are 
as followss-
1) With stress concentrations, the material distorts.
2) If left under load, the material creeps.
3) A good reflectivity is usually difficult to attain with an equally 
good flatness.
4) Very susceptible to movement with slight temperature or humidity 
changes.
Summarising
A three inch wide steel specimen, approximately s’” thick, is the 
most likely specimen to be used — in the drilled areas this should easily 
produce a deflection in thickness (on each side) of five bands.
24.
Appendix II
During the investigation of the effect of holes on the physical 
properties of bars, it became apparent that a low modulus material could 
be used to advantage in that, under tension, it would give considerably 
more reduction in thickness than the metal specimens in common use, with 
consequent lighter straining rigs.
Hitherto, it was found that normal machining generally produced 
a flat but unpolished surface which then necessitated lapping and final 
polishing. Unfortunately, any lapping or polishing of plastics with 
holes in the surface produces a "run off" on the edge of the holes § 
this cannot be tolerated when observing the contraction around the holes 
when being viewed, in tension, under an interferometer.
In an endeavour to produce a flat surface of sufficient 
flatness to obviate lapping, the following tests were made on araldite 
and perspex.
1. Machining
Fly cutting (in lathe) -
(a) Attached to face plate by double sided adhesive cloths 
Upon removal from face plate, it was found that the major 
portion of the specimen was flat, but the radial ends, where 
the tool was cutting intermittently, were high. These 
high ends were then cut off, using air cooling, but the 
entire face distorted. This test was carried out for -5-" 
and |r" thick specimens.
(b) Gripped in two lathe dogs (radially)s
Any pressure due to gripping produced distortion of specimen.
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(c) Gripped lightly in a central positions
A 2-g-" diameter disc turned in this manner resulted in being 
machined concave and again distortion was evident due to gripping.
(d) Use of tools
(i) Tool steel - A sharp point wore away rapidly whereas a 
rounded point produced slight chatter marks on the surface.
(ii) Tungsten carbide - A sharp point produced grooves even at 
the finest feeds, but a very small rounded point resulted 
in a good surface which, when rubbed to remove ingrained 
dust, was almost a polished surface.
(e) Various combinations of speed and cross feeds within the capacity 
of the lathes used were tried.
(f) Lathes used?
(i) Colchester Student
(ii) Smart and Brown
Both results were the same^ generally speaking, the cross slides 
were not sufficiently straight nor aligned at right angles to the 
centres.
2. Grinding (Surface)
(a) Attached with double sided adhesive tape.
(b) Glued to a substantial piece of flat steel and then magnetically 
attached to chuck.
Both tests resulted in specimen being machined concave. The wheel 
used left slight grinding marks in surface. A slightly better finish 
resulted from wet grinding, although it is noted that araldite absorbs 
moisture to a slight degree.
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3. Hand. Lapping
This was done on a brass lap and, although specimens were initially 
concave, they quickly became convex. It was obvious that little 
control was possible on any form of lapping either by hand or machine. 
It would appear that a possibility is to hand lap the high spots only 
(with a ■fJI diameter lap), instead of rubbing the entire surface on a 
lap.
4. Polishing
The following types of polishing were useds
(a) 500 grade carborundum paper stretched across a lap,
(b) Rouge, suspended in both oil and water of varying amounts, on 
a lap.
(c) Metal polish, on a lap,
(d) Buffing machine (very light pressure) with rouge and water.
(e) 1 , jr and micro inch diamond bort, suspended in oil, and 
entrained in a suitable cloth, stretched across a lap.
(f) Hand polishing with a very small lap enclosed in diamond bort 
impregnated cloth.
Prom a good flat surface produced by fly cutting with a 
rounded nose tungsten carbide tool, the best method was found to bes
(i) Polish specimen on a lap with rouge and water to produce a dull 
satin finish. This is carried out for a minute or two only.
(ii) Hand polish with a small lap with decreasing sizes of diamond bort.
(iii) Continually check the specimen to obviate removing material (by 
polishing) in low spots.
This process produces a reasonably good surface which can
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reflect sufficient light to be viewed on an interferometer? the surface 
produced, however, is insufficiently flat for accuracy of working. 
Generally
Tests were also conducted on a clear photo-elastic material. 
Again this distorted, similarly to araldite and perspex when machined 
and ground, but it was found to produce a very good glass-like surface 
quickly and more easily, the surface, however, being insufficiently flat 
for viewing.
Specimens were also prepared as follows §
(a) 2" diameter for vibratory polishing (special machine) and
(b) 3" x 2" for spray painting with cellulose type lacquers.
It is anticipated that this will give a good hard surface on a soft 
plastic material that can be machine lapped. It is to be noted that 
clear lacquer would normally be used, but if only one surface was to 
be viewed, a darker lacquer to improve the surface reflectance could 
be used.
(c) A piece of .0015" shim brass was glued to a piece of perspex.
This will be machine lapped. It is anticipated that the thin brass 
will not influence the physical properties of the much larger plastic 
specimen.
Conclusion
To prepare flat specimens from plastic type materials, the 
following is recommended?
(i) Ply cutting with sharp pointed tungsten carbide tool, hand lapped, 
to produce a radius of approximately .005". This produces a good 
flat surface with the exception of areas where the tool is cutting 
intermittently.
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Feed - approximately .0015"
Speed - 1000 r.p.m.
Position from 1" to 4" radially,,
(ii) Hand lap with rouge and water on hand lap to remove high spots 
for one minute.
(iii) Continue lapping with a 1 " lap encased in a diamond bort impregnated 
cloth, using 1 micro inch bort. Repeatedly check flatness and 
find high spots by rubbing specimen on a flat plate coated lightly 
with prussian blue.
(iv) When flat, polish with finer grades of diamond bort.
A very important point to be noted is that even when specimens 
have been prepared in plastics they are quite susceptible to changes 
in temperature and humidity.
Appendix III
The Salet-Ikeda apparatus is one "based on "both the Salet and 
Ikeda m e t h o d s a n d  developed at Sheffield University. Generally 
speaking, the apparatus is capable of showing, at a glance, complete 
slope contours over a flexed surface. The apparatus is both quantitative 
as well as qualitative, and knowledge of the optics of the system enables 
slope contours to be designated particular values.
A target of either straight lines or circles is placed at the 
focal plane of one lens, and light rays passing through the target arrive 
at the model in all directions, the model being set at the intersection 
of optical axes of two convex lens.
If the model has a slope at a particular point, such that the 
light is reflected parallel to the optical axis of the second lens, the 
light will pass through a pin hole at its focus. Hence, the observed 
picture at the pin hole will be contours of constant slope.
In the set up used, a coarse or fine target may be used 
depending upon the rate of slope change. If this rate of change is 
great then a coarse target would be necessary, and vice versa.
Consider the equation governing the relationship between slope 
9n , target radius rn and focal length f
©n = \  tan
•̂ n
If the rate of slope change is great, the resulting picture, 
using a fine target, would lack definition, and slope contours would be 
crowded together.
To obtain actual values of slope, the target must first be
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calibrated., that is, values of rn must be determined. Since f is 
constant, substitution of rn in the above equation leads directly to 
9n in radians.
A plot of 9 against distance from a known datum, along a 
particular traverse, will lead to a curve, the slope of which, at any 
point, is the curvature at that point. This curvature may then be 
used to find the sum of principal stresses.
That is, the differential of slope is the curvature which in 
turn is a linear function of sum of principal stresses.
With the targets available, using a 4" field instrument, it 
was necessary that slopes on the model should not exceed a particular 
value. Using these slopes, the maximum deflection tolerable over the 
perspex discs in the model used was 0.010".
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